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本文以中心纲硅藻 -假微型海链藻（Thalassiosira pseudonana Hasle et 
Heimdal）为研究对象，从形态学、分子与生物化学、生理学三个水平，检测了
假微型海链藻细胞在氮、磷、硅、铁饥饿和衰老过程中的细胞程序性死亡。在形
态学上采用透射电子显微镜（Transmission electron microscopy）对 5 种培养条件
下的细胞超微结构进行观察。在分子与生物化学水平上，采用脱氧核糖核酸末端
转移酶（TdT）介导的 dUTP 缺口末端标记法（TUNEL）对 DNA 片段化进行了
定量测定；Caspase 原位标记法（CaspACE）对含半胱氨酸的天冬氨酸蛋白水解
酶（Caspase）活力进行定性及定量检测。在生理水平上描绘了细胞的生长曲线，












氮、铁、硅饥饿饥饿条件下的细胞程序性死亡可能又由 Caspase 介导产生。 
（4）T. pseudonana 细胞在磷饥饿限制时，虽然可以引起细胞程序性死亡典
型的形态学特征变化，但 Caspase 活性一直处于低水平状态，因此，推测磷饥饿
条件限制下的细胞程序性死亡可能有不完全依赖 Caspase 的其它代谢途径。 















（Caenorhabditis elegans）和人类（Homo sapiens ）、拟南芥（Arabidopsis 
thaliana）、水稻（Oryza sativa）、酿酒酵母（Saccharomyces cerevisiae）、烟曲霉
（Aspergillu fumigatus）、莱茵衣藻（Chlamydomonas reinhardtii）、强壮团藻（Volvox 
carteri）、古老的 小绿藻（Ostreococcus tauri 和 Ostreococcus lucimarinus）、三
角 褐 指 藻 （ Phaeodactylum tricornutum ）、 假 微 型 海 链 藻 （ Thalassiosira 
pseudonana）、嗜热聚球藻（Therm osynechococcus elongatus）、念珠菌（Nostoc sp.）
和集胞藻（Synechocystis sp.）的 Caspase 同源物系统发生树表明：藻类中的
Metacaspase 与高等植物和真菌的 Metacaspase 高度同源，这暗示了藻类细胞中的

















Diatoms are an important component of marine phytoplankton and a major 
contributor to marine primary productivity. They are also a major species results in 
red tide. Therefore, the death of diatoms has an important influence on marine 
ecosystem structure, matter and energy cycle. 
In this paper, we chose the centric diatom Thalassiosira pseudonana Hasle et 
Heimdal as an object of our research. The physiology, morphology, molecular biology 
and biochemistry were investigated, in order to identify the PCD in the different 
culture conditions, including culture age, N starvation, P starvation, Si starvation and 
Fe starvation. Cell morphological ultrastructures were observed by TEM under 5 
kinds of culture conditions. On the molecular and biochemical level, the DNA 
fragmentation was quantitatively and qualitatively detected by TUNEL; the detection 
of Caspase activity was used FITC-VAD-FMK in situ maker (CaspACE). The growth 
curve and maximum photochemical quantum yield of photosynthetic system Ⅱ were 
depicted to reflect the state of cell growth in 5 culture conditions. The main results 
were showed as follows: 
(1) T. pseudonana cells showed several typical characteristics of plant PCD 
under culture age, N starvation, P starvation, Si starvation and Fe starvation, including 
cytoplasm shrinks，organelles degradation and disappear, cell vacuolization, DNA 
fragmentation, Caspase activity increased and cell membrane intact. Accompanied by 
the appearance of these changes, cell metabolic activity weakened. All these results 
indicated that T. pseudonana could be induced proactive and gene regulation of PCD 
under 5 kinds of culture conditions. 
(2) Compared to culture age, T. pseudonana cells were found to have 
characteristics of PCD in nutrient starvation early. It indicated that nutrient starvation 
could induce the emergence of PCD earlier. 
(3) Caspase activity was basically consistent with the changes of morphology 
and growth trend, and directly proportional to DNA fragmentation in culture age and 















Caspase play a key role in the process of PCD in culture age and N starvation, Si 
starvation and Fe starvation conditions. 
(4) Although P-starvation could induce the morphological changes of PCD, but 
Caspase activity had been in a low level. It suggested that there might be another way 
of PCD under P-starvation condition, which not entirely dependent on Caspase.  
(5) Using NJ to construct Metacaspase phylogenetic tree, Which including 
Metacaspases of Caenorhabditis elegans, Homo sapiens, Arabidopsis thaliana, Oryza 
sativa, Saccharomyces cerevisiae, Aspergillus fumigatu, Chlamydomonas reinhardtii, 
Volvox carteri, Ostreococcus tauri, Ostreococcus lucimarinu, Phaeodactylum 
tricornutum, Thalassiosira pseudonana, Therm osynechococcus elongates, Nostoc sp. 
and Synechocystis sp. Metacaspases from phytoplankton, higher plants and fungi had 
a high degree of homology, which might indicate that they have similar physiological 
roles. 
















PCD: programmed cell death (细胞程序性死亡) 
TEM：Transmission electron microscopy (透射电子显微镜) 
TUNEL: Terminal deoxynucleodityl transferase-mediated dUTP nick-end-labeling 
(脱氧核糖核苷酸末端转移酶（TdT）介导的 dUTP 缺口末端标记技术) 
Caspase: cyseine aspartic acid specific protease (含半胱氨酸的天冬氨酸蛋白水解
酶) 
Fv/Fm: variable fluorescence/maximum fluorescence ratio (可变荧光与 大荧光的
比值) 

































对细胞程序性死亡的研究 早起源于 1842 年，当时 Vogt 在研究蝌蚪发育时
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